The results of three years (2009)(2010)(2011) of field studies using two types of biodegradable nonwoven covers (aromatic polyester IBWCH 75 g m -2 and polylactic acid PLA 54 g m -2
INTRODUCTION
Field production, especially early and late in the six-month season of cucumber in temperate climate zones, is constrained by low temperatures. Cucumbers are a valuable crop but growth and early yields are limited by cold conditions in spring and fall. They are usually transplanted to the field by the second half of May, therefore there is high interest among vegetable growers in systems to extend the harvest season (Adams et al. 2001) . Methods that would enable earlier transplanting into the field such as covering may hasten the growth and development of plants through temperature moderation and protection from light frosts. In the presented experiment the covers were placed directly onto top of the plants without any wire hoops. This technique is a common method of covering plants in Poland which has the potential to create a warm, calm microclimate favourable to plant development -especially warm season crops, such as cucumber, growing in cool environment. The main aim of covering is to improve microclimate conditions in the immediate surroundings of the plants, especially air temperature and humidity (Otto et al. 2000) ; it may also reduce insect damage (Lamont 1993) . Other attributed advantages of direct cover are improvements in plant uniformity and fruit quality, as well as yield increases and the extension of the harvesting season. *Corresponding author.
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In the available literature there are many studies that illustrate the beneficial effects of crop covering upon the yield and quality of vegetables. Covers commonly used by vegetable growers are usually made of flexible transparent to semi-transparent synthetic materials (mainly polyethylene and polypropylene) and are used to cover one or more rows of plants (Hochmuth et al. 2003) . The popularity of synthetic covers can be attributed to their low cost, ease of application and durability. One limitation of crop covers is the problem of their disposal once they are no longer needed in the field. These materials cannot degrade in the environment through microorganisms (Siwek et al. 2012) . Although the influence of direct covering on the earliness and productivity of various vegetable crops like tomato, cucumber (Wolfe et al. 1989) , onion (Orłowski et al. 2005) , lettuce (Rekowska 2011) or zucchini (Adamczewska-Sowińska and Kołota 2011) has been studied, scientific information on the use of biodegradable nonwoven covers is scarce.
The present study examines the effect of covering cucumbers with biodegradable nonwoven crop covers on marketable fruit yield and fruits quality. An additional aspect of the work concerned investigations of direct covering on root development and some parameters of root growth. As the authors did not find any articles on this subject, it seemed important and interesting to evaluate how and if biodegradable direct covers influence the roots. ) and polylactic acid ). A plot that remained uncovered served as the control. Each year new covers were used.
MATERIAL AND METHODS
Cucumber seeds were sown into the field on 15. 05, 10.06 and 17.05 in 2009, 2010 and 2011, respectively In the middle of the harvest season 50 fruits from each combination were collected for quality analyses. Furthermore, fruit were evaluated for dry weight (using the drying method at 70ºC), soluble sugars (using the anthrone method (Yemm and Willis 1954)) and nitrate content (with the use of ion-selective electrodes). In 2010 and 2011 at the last harvest, all plants were excavated from the soil to estimate root growth and development with the use of the RadixNova computer programme (Bauhus and Messier 1999, Kimura et al. 1999 ). This analysis generated estimates of weight, surface area, total length and average diameter of roots grown in three different configurations (two different biodegradable crop covers and one without cover).
The covers were analysed for their spectral transmission, reflection and absorption of radiation within the range of 400-1100 nm, using LI-1800-12-S (LI-COR, USA) integration sphere with a standard light source. All data were subjected to an analysis of variance using the Statistica program. Tukey's HSD test was used to estimate the significance of differences at p = 0.05.
RESULTS AND DISCUSSION
The modification of conditions using crop covering largely depends on the optical parameters of the cover materials. In this study the transmittance and absorbance was higher for the PLA 54 g m -2 cover, whereas the reflectance of radiation was higher for the IBWCH 75 g m -2 cover (Tab. 1). Siwek (2002) used films with similar optical parameters in an experiment that involved covering cucumber with polyethylene and polypropylene covers. The reflectance of biodegradable nonwovens applied in this experiment was 80% higher than the reflectance of the polypropylene nonwoven PP 20 g m -2 (17.4%) used by Siwek (2002) within the same range of radiation.
The improvement of the microclimate in the immediate environs of vegetable plants covered with biodegradable nonwovens in spring was a factor that caused faster growth and led to a higher yields than in cultivation without covers. The effect was especially seen in the first two years of the experiment (2009 and 2010) . The marketable yield of cucumber was higher when biodegradable covers were used relative to the yield obtained from the non-covered control (Tab. 3). The beneficial effect of the cover was similar for both biodegradable nonwovens. Low temperatures and heavy rainfalls that occurred in 2010 and 2011 might have caused the yield decrease when compared with the yield obtained in 2009 (Tab. 2).
The positive effects of using polypropylene (PP) and polyethylene (PE) row covers have been previous noted. Siwek (2002) showed that the marketable fruit yield obtained from cucumbers grown under covers (both PP and PE) was significantly higher than the yield from plants grown in a control treatment (without covers). Orłowski et al. (2005) observed that covering onions with polyethylene covers increased yields by 12% in comparison to the control. Rekowska (2011) showed that the yield of lettuce from covered treatments was higher than from treatment where covers were not used. The presented experiment concerned the use of biodegradable materials as row covers, which is not a common practice at present. Siwek et al. (2012) ) and one polypropylene (PP 50 g m -2
) cover to cover lettuce. In the first year of the experiment the polypropylene cover as well as the other biodegradable nonwoven covers increased lettuce yield. In the second year none of the covers had any effect. Similar results were obtained in field studies with leek (Siwek et al. 2009 ), where total marketable yield from plants grown under biodegradable covers was significantly higher (by 30%) than the yield obtained from the control.
Plants grown with abundant light usually contain more sugars (Nevins 1995). Conversely, it might be expected that plants grown under covers, even for a short period of time at the beginning of cultivation should have reduced sugar content, as the covers do reflect and absorb a portion of incoming light. In the first two years of this experiment cucumber fruit grown under covers had the same sugar concentration as fruit from plants in the control treatment (Tab. 4). This observation confirms that covers used in this experiment characterised with high light permeability and the time when covers were taken off was suitably chosen. In 2011 cucumbers harvested from plants that had been covered had more soluble sugars when compared with the control. Similar results were obtained by Rekowska (2011), who observed 2.49% more sugar in lettuce cultivated under polypropylene covers.
As sugars are both important compounds of dry matter and also provide energy, their impact on growth and sugar content are often similar. Siwek (2002) demonstrated that using polypropylene covers over cucumber did not cause significant differences in the dry matter content of the fruit. Błażewicz-Woźniak (2010) obtained the same results in studies with fennel cultivation. In the present studies the dry matter content differed amongst the years of the experiment. In 2009 the highest fruit dry matter content was found in cucumbers grown without cover, whereas in 2011 in cucumbers harvested from plots where biodegradable covers were used.
The nonwovens used influenced the nitrate content of the fruit. Regardless of the polymer the cover was made from, using covers decreased the nitrate content of the cucumber fruit when compared with control treatments, especially in 2009 and 2011. Irrespective of the terms the nitrate Little research has been conducted to examine root growth and the development of plants cultivated with row covers. Most of this research focuses on the distribution of roots in the soil and root reaction to various stresses (Dalton et al. 1997, Sonneveld and Kreij 1999) . In this study, covering cucumbers with biodegradable nonwovens at the start of the growing season had no impact on any of the root growth parameter examined (Tab. 5). 
CONCLUSION

